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(54) Gas discharge type display panel, manufacturing method for gas discharge type display 
panel, and displaying arrangement using gas discharge type display panel 



(57) A manufacturing method for a gas discharge 
type display panel makes it possible to manufacture an 
environmentally friendly substrate with high accuracy 
and yet at low cost. According to the manufacturing 
method, electrodes are formed on a back substrate by 
photolithography or printing, then a glass paste is 



FIG. 6 



printed to a height of approximately 10^m-500^im by 
printing. A barrier rib blanks are produced by rolling 
under pressure the glass paste by using a roller pro- 
vided with grooves. The roller is heated in advance. The 
barrier rib blanks are sintered into the barrier ribs. 




60a 



2IO t' 



CL 
LU 



Printed by Xerox (UK) Business Services 
2.16.1/3.4 



1 



EP0 837 486 A2 



2 



Description 

Field of the Invention and Related Art Statement 

The present invention relates to a gas discharge 5 
type display panel and a manufacturing method for the 
same. The present invention further relates to a display- 
ing arrangement which employs the gas discharge type 
display panel. The present invention relates, more par- 
ticularly, to the formation of barrier ribs for isolating the 
address electrodes on a back substrate of the gas dis- 
charge type display panel from each other. 

In general, a gas discharge type display panel is 
provided with a front substrate and a back substrate dis- 
posed to cooperate with the front substrate to define a 
discharge space therebetween. The back substrate is 
provided with a glass plate, a plurality of address elec- 
trodes formed on the glass plate in parallel to each 
other, barrier ribs formed among the address elec- 
trodes, which maintain a gap between the front sub- 
strate and the back substrate as well as isolate 
luminous regions of red, green and blue colors, and a 
f luorescencer applied to the interiors of the cells defined 
by the barrier ribs and the side surfaces of the barrier 
ribs. 

The barrier ribs are usually formed using a stacking 
method or a engraving method. 

In the former method, a glass paste is repeatedly 
printed on a predetermined portion of the glass plate, 
using a mask screen, thereby obtaining the barrier ribs 
of desired dimensions. In the latter method, a layer of a 
glass paste of determined dimensions is formed on the 
entire surface of the glass plate. The glass paste is 
removed from all portions other than the portions corre- 
sponding to the barrier ribs by sandblasting so as to 
obtain the barrier ribs of the predetermined dimensions. 

These methods require long time to form the barrier 
ribs and a glass paste cannot be used effectively. 

As another means for forming the barrier ribs, there 
is a replication method disclosed in JP-A-8-273538. 
According to the replication method, a flat stamper is 
prepared, which has a complementary configuration of 
a barrier rib array. After of a glass paste is applied onto 
the entire surface of the glass plate in a thin layer, the 
stamper is pressed against the glass paste to transfer 
the pattern onto the glass paste. The glass paste is 
cured, and then the stamper is removed therefrom. 

In the replication method, the stamper is flexible so 
that it can be easily removed from the rigid glass plate. 
The stamper is gradually removed from an edge of the 
glass plate. If the stamper is rigid, then it would require 
a large force to peel off, at one stroke, the rigid stamper 
from the glass plate, which is in surface contact with the 
rigid glass plate. This may cause damage to the 
stamper due to high stress produced in the stamper. 

The flexible stamper is fabricated by forming a die 
made of a polymer material applied on a polymer base 
film. Most polymer materials are easily deformed by 



external force or heat. Therefore, the stamper elastically 
deforms under a pressing force when it is pressed 
against the thin layer of the glass paste which has been 
applied all over the surface of the glass plate. For this 
reason, the forming accuracy of the barrier ribs is not 
high. Furthermore, when the stamper plastically 
deforms due to the heat for curing the glass paste or 
due to other reason, the required forming accuracy for 
the barrier ribs can no longer be obtained, so that the 
stamper has to be frequently replaced by a new one. 

Thus, the flexible stamper has problems in that the 
barrier rib forming accuracy is not satisfactory and the 
service life is limited, making it unsuited for the mass 
production of display panels. Besides, the manufactur- 
ing cost of the display panels becomes high. 

Furthermore, on forming the barrier ribs arranged in 
a grid pattern, it is necessary to provide the barrier rib 
with a large taper to readily remove the stamper from 
the glass plate. However, provision of such a large taper 
makes it difficult to narrow the gaps among the barrier 
ribs. A display panel with higher resolution cannot be 
obtained. 

Object and Summary of the Invention 

It is an object of the present invention to provide a 
manufacturing method for a display panel which solves 
the problems described above. 

To this end, according to the present invention, 
there is provided a manufacturing method for a gas dis- 
charge type display panel comprising the steps of 
applying a glass paste to a substrate on which elec- 
trodes have been formed, of rotating a roll, on which 
grooves corresponding to barrier ribs have been 
formed, in order to form the glass paste applied to the 
substrate into barrier rib blanks, and of sintering the 
formed barrier rib blanks to obtain barrier ribs. 

The present invention will now be described in 
detail in conjunction with embodiments thereof with ref- 
erence to the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a fragmentary sectional view of a gas dis- 
charge type display panel in accordance with the 
present invention, taken along the line l-l of Fig. 2; 
Figs. 2 and 3 are sectional views taken along the 
lines ll-ll and Ill-Ill of Fig. 1, respectively; 
Figs. 4-7 are perspective views showing a manufac- 
turing process of a back substrate; 
Figs. 8-1 1 are perspective views showing another 
manufacturing process of the back substrate; 
Figs. 12 and 13 are sectional views respectively 
illustrating a manufacturing apparatus for the back 
substrate; 

Figs. 14-17 are perspective views illustrating still 
another manufacturing process of the back sub- 
strate; 
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Figs. 18 and 19 are diagrams respectively showing 
another manufacturing apparatus for the back sub- 
strate; 

Figs. 20-23 are perspective views illustrating a fur- 
ther manufacturing process of the back substrate; 
Fig. 24 is a perspective view showing another type 
of green sheet; 

Fig. 25 is a perspective view showing another type 
of forming roller; 

Fig. 26 is a partially fragmentary sectional view 
illustrating an engagement between the grooves of 
the roller and a barrier rib blank; 
Fig. 27 is a partially fragmentary perspective view 
showing another type of a back substrate; 
Figs. 28-29 are front views respectively showing a 
roller for forming the back substrate of Fig. 27; and 
Fig. 30 is a circuit diagram of a displaying arrange- 
ment which employs the display panel in accord- 
ance with the present invention. 

Detailed Description of Preferred Embodiments 

A gas discharge type display panel in accordance 
with the present invention has a front substrate 10, a 
back substrate 20, and a discharge space 30 interposed 
therebetween, as shown in Figs. 1-3. 

The front substrate 1 0 has a glass plate 100 display 
electrodes 110 formed parallel to each other on the 
glass plate 1 00, and bus electrodes 1 20 each formed on 
and parallel to the corresponding display electrode 110. 
These electrodes are covered by a dielectric layer 130 
which is magnesium oxide 140. 

The back substrate 20 has a glass plate 200, 
address electrodes 210 formed parallel to each other on 
the glass plate 200, and barrier ribs 220 arranged in a 
striped pattern, each of which is provided between adja- 
cent two address electrodes 21 0 to isolate them. A f luo- 
rescencer 40, more specifically, a red f luorescencer 41 , 
a green fluorescencer 42, and a blue fluorescencer 43, 
is repeatedly applied in sequence to the cells each 
defined by the adjacent two barrier ribs 220. For the pur- 
pose of clarity, the fluorescencer is omitted in Fig. 1. 
The barrier ribs 220 are protected by a protective film 
230. Preferably, the proximal ends of the barrier ribs 220 
do not cover the address electrodes 210. As shown in 
Figs. 2 and 3, however, the proximal ends of the barrier 
ribs 220 may be connected to cover the glass plate 200 
and the address electrodes 210. 

The front substrate 10 and the back substrate 20 
are faced to each other with the discharge space 30 
interposed therebetween so that the extending direction 
of the display electrodes 110 is orthogonal to the 
extending direction of the address electrodes 210. An 
AC voltage is applied between a pair of adjoining dis- 
play electrodes 110 and 110, and a voltage is applied 
between the address electrodes 210 and the display 
electrodes 110 to generate an address discharge, 
thereby causing a main discharge in the desired cell 



between barriers. The ultraviolet rays produced by this 
main discharge causes a fluorescence of a desired 
color to emit light. 



With reference to Fig. 4-7, the manufacturing proc- 
ess of the back substrate 20 will be described. 

First, the address electrodes 210 are formed on the 
10 glass plate 200 by vacuum evaporation, or sputtering 
and photolithography, or printing (Fig. 4). For easier 
understanding, the number of the address electrodes 
210, the dimensional proportion of the glass plate 200 
and the address electrodes 210, or the like are modi- 
15 fied. 

A layer of a glass paste 50 of a uniform thickness is 
formed on the glass plate 200 and the address elec- 
trodes 210 by printing or roll coating (Fig. 5). The thick- 
ness of the layer of the glass paste 50 approximately 

20 equal to the value obtained by dividing the total volume 
(or a value slightly greater than the total volume) of the 
finished barrier ribs 220 by the installing area thereof. 

Then a forming roller 60 with plurality of grooves 61 
is prepared. Each groove of the roller has a sectional 

25 configuration complementing the sectional configura- 
tion of the barrier rib 220, in the axial direction thereof. 
The complementary sectional configurations of the 
grooves 61 must be decided by taking the shrinkage of 
the finished barrier ribs into account. The roller 60 is 

30 heated to 200°C-300°C. 

The roller 60 is pressed against the glass paste 50 
and rotated in the direction of arrow R. The roller 60 is 
translated in the direction of arrow T along the address 
electrodes 210 at the same speed as the peripheral 

35 velocity of the roller 60 (Fig. 6). As the roller 60 moves, 
glass paste in front of the roller 60 is raised by means of 
the peripheral surface thereof to form paste banks 50a. 
The grooves 61 of the roller 60 are completely filled with 
the glass paste 50 in the glass paste banks 50a, thus 

40 forming barrier rib blanks 221. The glass paste banks 
50a are formed mainly at the front of the moving direc- 
tion of the roller 60 and they hardly spread in the axial 
direction of the roller 60. 

The combination of the rotational motion and the 

45 translational motion of the roller may be replaced by a 
combination of the rotary motion of the roller and the 
translational motion of the glass plate 200. Namely, with 
the roller 60 pressed against the glass paste 50, the 
roller 60 may be rotated in the direction of arrow R, while 

so the glass plate 200 is translated in the direction of arrow 
T\ which is opposite from the direction of arrow I along 
the address electrodes 210 at the same speed as the 
peripheral velocity of the roller 60. The roller 60 may 
have a large width so as to cover the full width of the 

55 glass plate 200. 

The barrier rib blank 221 is sintered at 500°C- 
550°C to obtain the finished barrier ribs 220. Further, 
after the fluorescencer 40 is applied to the display cells 
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223 defined by the barrier ribs 220 and 220 and to the 
side surfaces of the barrier ribs 220, the barrier rib blank 
together with the glass plate 200 is burnt to obtain the 
back substrate 20 (Fig. 7). 

The glass paste 50 generally contains a glass pow- 5 
der, for example, a mixture of lead borasilicate glass 
powder and some inorganics, an organic solvent, and 
an organic binder. Preferably, the organic solvent is dis- 
persed by evaporation at 150°C or lower, and for exam- 
ple, terpineol. In the process shown in Fig. 6, as the 10 
roller 60, which has been heated to 200°C-300°C, is 
moved on the glass paste 50, the organic solvent evap- 
orates and disperses, so that the glass paste 50 cures 
to a certain extent. Thus, the roller 60 is easily sepa- 
rated from the glass paste 50, thereby preventing the is 
glass paste 50 from remaining in the grooves 61 of the 
roller 60. The step in which the glass paste 50 is cured 
to a certain extent by the heat of the roller 60 takes the 
longest time in the manufacture of the back substrate 20 
and then it is referred to as "product tact." 20 

The organic binder is preferably completely decom- 
posed and burnt off at 500°C or lower, and more prefer- 
ably at 450°C or lower. It is for example cellulose resin. 
The heat resisting temperature of the glass plate (soda 
lime glass or strengthened soda lime glass ) commonly 25 
used is generally 570°C-650°C. Accordingly, the glass 
paste is sintered at a temperature of 500°C-550°C, 
which is lower than the heat resisting temperature 
(570°C-650°C) of the glass plate, in the process illus- 
trated in Fig. 7. Thus, the organic binder is completely so 
decomposed and dispersed at a temperature lower than 
the sintering temperature (500°C-550°C) of the glass 
paste and therefore, cracks or the like are not developed 
in the barrier rib blanks (the glass paste). 

In the process shown in Fig. 6, the thickness of the 35 
glass layer covering the address electrodes 210 can be 
controlled by changing the force pressing the roller 60 
against the glass paste 50, that is, by changing a gap 
60a between the peripheral surface of the roller 60 and 
the glass plate 200. The provision of the gap 60a makes 40 
it possible to absorb a camber or a distortion of the 
glass plate 500. The thickness of the glass layer cover- 
ing the address electrodes 210 is one of the factors 
which influence the characteristics of the discharge tak- 
ing place between the address electrodes 210 and the 45 
display electrodes 110. Ideally, the gap 60a is 
decreased so as to eliminate the glass layer covering 
the address electrodes 210, i.e. to expose the address 
electrodes 210. 

The roller 60 rotates at a speed which satisfies the 50 
following condition, in addition to the conditions on the 
heating temperature of the roller and the vaporizing 
temperature of the organic solvent described in relation 
to the process illustrated in Fig. 6. Namely, while the 
roller 60 is in contact with the glass paste 50, the 55 
organic solvent on the surface of the portion of the glass 
paste 50 in contact with the roller 60 is vaporized and 
dispersed by the heat of the roller 60 to cure the surface 



to a certain extent so as to enable the roller 60 to be 
easily separated from the glass paste 50, thereby pre- 
venting the glass paste from being remained in the 
grooves 61 of the roller 60. 

As an outer diameter of the roller is increased, the 
length of the arc which comes in contact with the glass 
paste is increased. This makes it possible to obtain the 
same curing effect for the glass paste at higher rota- 
tional speed, leading to higher productivity. 

The dimensions of the sectional configuration of the 
groove 61 of the roller 60 differ according to the config- 
uration of the barrier rib, i.e. the specifications of the dis- 
play panel. In general, the sectional configuration of the 
groove 61 should be trapezoidal so that the bottom of 
the groove is narrower than the top opening thereof. 

It is desirable that the roller 60 is made of a hard 
material so as to prevent the abrasion due to a large vol- 
ume of hard particles contained in the glass paste 50, 
and the deformation due to the force or the heat applied 
to the roller 60 during the molding process. For exam- 
ple, the roller may be made of hardened steel or high- 
strength steel and provided with surface treatment such 
as hard chromium plating, or may be made of Tungsten 
carbide. 

In this example, since the roller comes substantially 
in line contact with the glass paste, the stress applied to 
the glass plate and the roller is low when the roller is 
separated from the glass plate. Further, since the roller 
can be rigid, the roller can be repeatedly used while 
maintaining high transferring accuracy. Moreover, the 
rib blanks are formed directly on the glass paste by the 
roller, permitting a shorter tact time as compared with 
the stacking method or the engraving method. 

Second Example: 

Referring to Figs. 8-11, another manufacturing 
process of the back substrate 20 will be described. In 
this example, the glass paste is chemically cured by 
ultraviolet light rather than being physically cured by 
heat. 

First, a glass plate 201 is prepared which allows 
ultraviolet light having a wavelength of 350nm-450nm to 
pass therethrough to some extent. It can be possible to 
use a soda lime glass which is commonly used, as a 
glass plate 201 . 

As in the case of the first example, the address 
electrodes 210 are formed on the glass plate 201 by 
vacuum evaporation, or sputtering and photolithogra- 
phy, or printing (Fig. 8). 

Further, as in the case of the first example, a layer 
of a glass paste 51 of a uniform thickness is formed on 
the glass plate 201 and the address electrodes 210 
(Fig. 9). The glass paste 51 contains a glass powder, an 
organic solvent such, and an ultraviolet-curing organic 
binder. 

Then, a forming roller 60 is prepared, which is pro- 
vided with grooves 61 which have a sectional conf igura- 
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tion complementary to the sectional configuration of the 
barrier ribs 220. In this example, there is no need to 
heat the roller 60. With the roller 60 pressed against the 
glass paste 51, the roller is moved while being rotated. 
Ultraviolet light (UV) emitted from a metal halide lamp or 
a high pressure mercury lamp, from the back of the 
glass plate 201 and/or from the back of the roller 60 
toward the portion where the roller 60 is in contact with 
the glass paste 51 so as to partially cure the ultraviolet- 
curing organic binder contained in the glass paste 51 
(Fig. 10). Thus, the barrier rib blank 221 is produced. 

The rotational speed and moving speed of the roller 
60 are set such that the ultraviolet-curing organic binder 
in the portion of the glass paste 51 in contact with the 
roller 60 partially cures while the roller 60 is in contact 
with the portion, the roller 60 is easily separated from 
the glass paste 51 , and the glass paste is not remained 
in the grooves 61 of the roller 60. 

After the barrier rib blank 221 is formed, ultraviolet 
light are further radiated until the ultraviolet-curing 
organic binder is completely cured. Then, the glass 
plate 201 is heated to 500°C-550°C so as to decom- 
pose and disperse the organic solvent and the organic 
binder and to sinter the glass powder. This finishes the 
barrier ribs 220. 

After the f luorescencer 40 is applied to display cells 
222 defined by the barrier ribs 220 and 220 and to the 
side surfaces of the barrier ribs 220, then the glass plate 
201 is burnt to obtain the back substrate 20 (Fig. 11). 

For the same reason as that in the foregoing exam- 
ple, the ultraviolet-curing organic binder and the organic 
solvent are preferably decomposed and burnt off com- 
pletely at 500°C or below, and more preferably at 450°C 
or below. 

Referring now to Fig. 12 and Fig 13 a manufactur- 
ing apparatus capable of performing the foregoing proc- 
esses continuously will be described. 

In Fig 12, a conventional glass paste layer forming 
stage STI and a barrier rib forming stage ST2 are 
arranged separate from each other. The glass plate 200 
on which the address electrodes have been formed 
passes through the glass paste layer forming state STI 
toward the barrier rib forming stage ST2 in the direction 
of arrow T. 

The glass paste layer forming stage ST1 is pro- 
vided with rollers 62 and 63. A paste tank 65 defined by 
the roller 62 and a rod 64 contains a required amount of 
the glass paste 50. The glass paste 50 flows onto the 
glass plate 200 along the peripheral surfaces of the 
rotating rollers 62 and 63. The rotational speed of the 
rollers 62 and 63 and the moving speed of the glass 
plate 200 are set so as to allow the layer of the glass 
paste 50 having a predetermined thickness to be contin- 
uously formed on the glass plate 200. The glass paste 
layer forming stage ST1 may adopt the "curtain coating 
method" wherein the glass paste is supplied through a 
wide slit nozzle and formed in a layer on the glass plate, 
instead of adopting the "roll coating method" wherein 



the rollers 62 and 63 are used to form the glass paste 
layer. Any other method may be employed as long as it 
permits the glass paste to be continuously formed into 
an even layer on the glass plate without curing the glass 
5 paste. 

The glass paste 50 which has reached the barrier 
rib forming stage ST2 is formed into the barrier rib 
blanks 221 by the rotating roller 60 as described above. 
The roller 60 has been heated to approximately 200°C- 
w 300°C by a heating device, not shown. A backup roller 
66 is rotatably provided to abut against the roller 60 to 
protect the roller 60 from deflection caused by the reac- 
tion force produced at the time of molding the glass 
paste. 

15 The glass plate 200 which has passed through the 
barrier rib forming stage ST2 is sintered at high temper- 
ature on the downstream side. Further, in the fluores- 
cencer applying stage, not shown, the fluorescencer is 
applied to the display cells to form the back substrate 

20 20. 

In another manufacturing apparatus shown In Fig. 
1 3, the glass paste layer forming stage STI and a barrier 
rib forming stage ST3 are arranged separate from each 
other, as in the case of the apparatus shown in Fig. 12. 

25 The glass plate 201 on which the address electrodes 
210 have been formed is passed through the glass 
paste layer forming stage STI and moved in the direc- 
tion of arrow T toward the barrier rib forming stage ST3. 
The configuration and the operation of the glass 

30 paste layer forming stage STI are the same as those 
shown in Fig. 12 except for the properties of the glass 
paste. Therefore, the description thereof will be omitted. 

The glass paste 51 which has reached the barrier 
rib forming stage ST3 is formed into the barrier rib 

35 blanks 221 by the rotating roller 60, as described above. 
The portion of the glass paste 51 in contact with the 
roller 60 is subjected to the ultraviolet light UV directly or 
through the glass plate 201, which is radiated from an 
ultraviolet lamp, thereby partially curing the barrier rib 

40 blanks. Ultraviolet light is further radiated to the glass 
plate 201 which has passed through the barrier rib form- 
ing stage ST3 until the barrier rib blanks are completely 
cured. 

The glass plate 201 is then sintered at high temper- 
45 ature. Lastly, in a fluorescencer applying stage, not 
shown, a fluorescencer is applied to the display cells to 
obtain the back substrate 20. Thus, a back substrate 
with large area can be produced at high speed. 



Still another manufacturing process of the back 
substrate 20 will be described in conjunction with Figs. 
14-17. In this example, a green sheet is used in place of 
55 the glass paste. 

The address electrodes 210 are formed on the 
glass plate 200 in the same manner as that of the first 
example (Fig. 14). 
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A green sheet 53 Is placed on the glass plate 200 
which contains a glass powder and a thermoplastic 
organic binder and which has a thickness almost equal 
to the height of the finished barrier (Fig. 15). The green 
sheet 53 has been heated to a temperature which is 5 
higher than a plasticizing temperature of the thermo- 
plastic organic binder. 

With the roller 60, on which the grooves 61 have 
been formed, pressed against one end of the green 
sheet 53, the roller 60 is rotated in the direction of an 10 
arrow. The glass plate 200 is moved in the direction of 
an arrow at the same speed as the peripheral velocity of 
the roller 60 to form the barrier rib blanks 221. The 
pressing pressure of the roller causes the green sheet 
to extend in the direction of the length thereof. Applying 15 
a tension F to the undeformed portion of the green 
sheet in the front upper direction removes slack caused 
by the extension, and the groove configuration can be 
replicated to the green sheet while supplying an adhe- 
sive agent 54 or a solvent between the green sheet and 20 
the glass plate. This permits precise transfer and allows 
the green sheet to be firmly bonded to the glass plate 
(Fig. 16). Preheat of the glass plate 200 and the roller 
60 increases the ductility of the green sheet, thus per- 
mitting easier deformation. 25 

The barrier rib blank 221 is sintered at a tempera- 
ture of 500°C-550°C to finish up the barrier ribs 220. 
After the fluorescencer 40 is applied to the display cells 
222 defined by the barrier ribs 220 and 220 and to the 
side surfaces of the barrier ribs 220, the glass plate 200 30 
is burnt to obtain the back substrate 20 (Fig. 17). 

For the same reason as that In the foregoing exam- 
ple, it is preferable that the thermoplastic organic binder 
is the green sheet has a plasticizing temperature of 
approximately 50°C-100°C, and decomposes and 35 
burns off at 500°C, more preferably at 450°C. Such 
binder is, for example, polyisobutene. 

Referring now to Fig. 18, a manufacturing appara- 
tus capable of performing the foregoing process contin- 
uously will be described. 40 

In the manufacturing apparatus, the forming roller 
60 with grooves and a counter roller 67 which cooper- 
ates with the roller 60 are provided such that they are 
opposed to each other with a predetermined gap there- 
between. The roller 60 is heated to approximately 50°C 45 
by a heater, which is not shown. The glass plate 200 on 
which the address electrodes 210 have been formed 
and which has been heated through a heater 71 is fed 
toward the gap between the roller 60 and 67. 

The green sheet 53 which is casted on a carrier film so 
55 and wound around a reel 81 is supplied onto the 
glass plate 200 via a tension roller 82. In the course of 
the supply, the carrier film 55 is peeled off the green 
sheet 53 and taken up onto a reel 84 via a roller 83. The 
green sheet 53 is passed through a heater 72 to be 55 
heated before it is supplied onto the glass plate 200. 
The adhesive agent 54 is applied to the surface of the 
green sheet 53 to be bonded to the glass plate 200 
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immediately before the green sheet 53 is fed into the 
gap. 

The glass plate 200 to which the green sheet 53 
has been bonded is passed through the gap by the 
rotating rollers 60 and 67. At this time, the groove con- 
figurations of the roller 60 are transferred to the green 
sheet 53 thereby to form the barrier rib blank 22 1 . When 
a predetermined length of the green sheet 53 is fed, the 
green sheet 53 is cut by a cutter (not shown). The slack 
in the green sheet caused by the stretch thereof during 
the foregoing transfer is absorbed by the tension gener- 
ated in the green sheet 53 by making the feeding speed 
of the green sheet 53 from the reel 81 lower than the 
peripheral velocity of the roller 20. 

The glass plate 200 on which the barrier rib blanks 
221 has been formed is carried to a sintering stage 
where it is sintered, thus producing the back substrate 
20. 

The manufacturing apparatus for an adhesive 
green sheet 56 will be described with reference to Fig. 
19. 

The green sheet 56 contains glass powder, a ther- 
moplastic organic binder, and a plasticizer for enhanc- 
ing the adhesiveness, and has a thickness 
approximately equal to the height of the finished barrier 
ribs. The green sheet 56 is wound around the reel 81, 
with both surfaces thereof covered by protective film 57 
and 58, respectively. 

The protective film 57 on one surface of the green 
sheet 56 supplied from the reel 81 is peeled off and 
taken up by the reel 84 via the roller 83. When the green 
sheet 56 passes through an anti-adhesion agent tank 
91, the anti-adhesion agent in the tank 91 is applied to 
the exposed surface of the green tape 56. 

After the protective film 58 on the other surface is 
taken up onto a reel 86 via a roller 85, the green sheet 
56 is fed to the heater 72. After the green tape 56 is 
heated by the heater 72, it is supplied onto the glass 
plate 200 with the adhesive surface thereof oriented to 
the glass plate 200 whereas the surface with the anti- 
adhesion agent oriented to the forming roller 60. There- 
after, the same operation as that described in conjunc- 
tion with the apparatus shown in Fig. 18 is carried out. 

Fourth Example: 

Referring to Figs. 20-23, yet another manufacturing 
process of the back substrate 20 will be described. In 
this example, the green sheet is secured to the glass 
plate after forming the barrier ribs on the green sheet. 

A green sheet is prepared, which contains glass 
powder and a thermoplastic organic binder and has a 
thickness slightly smaller than the height of the finished 
barrier ribs (Fig. 20). 

The barrier rib blanks 221 are formed by rolling on 
the green sheet which has been heated to a tempera- 
ture which is equal to or higher than the plasticizing tem- 
perature of the thermoplastic organic binder, which 
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rolling is carried out using the counter roller 67 and the 
roller GO with grooves (which has been also heated to 
a temperature which is equal to or higher than the plas- 
ticizing temperature (Fig. 21). 

In the rolling process, most materials pressed by 5 
the forming roller 60 and the counter roller 67 contribute 
solely to stretching the sheet in the longitudinal direc- 
tion. They also contribute to increase the thickness of 
the sheet somewhat but not contribute to increase the 
width of the sheet. Therefore, as previously mentioned, 
the green sheet web should have the thickness slightly 
smaller than the height of the finished barrier ribs. 

The sheet on which the barrier rib blanks 221 have 
been formed is cut into a barrier piece 59 of predeter- 
mined dimensions . A layer of an organic solvent or an 
adhesive agent 59a which dissolves the organic binder 
is applied to the flat surface of the barrier piece 59. The 
barrier piece 59 is secured at a predetermined position 
of the glass plate 200 on which the address electrodes 
210 have been formed (Fig. 22). 

The barrier piece 59 is sintered to finish the barrier 
ribs 220. The fluorescencer 40 is applied to the display 
cells 222 defined by the barrier ribs and the side sur- 
faces of the barrier ribs 220, then the glass plate 200 is 
burnt to complete the back substrate 20 (Fig. 23). 

In the process shown in Fig. 22, a barrier piece 59' 
shown in Fig. 24 may be used instead of the barrier 
piece 59. The barrier piece 59' has aperture arrays 223 
for partly expose the address electrodes 210 to improve 
discharge efficiency and luminous efficiency. The aper- 
ture arrays 223 of the barrier piece 59, are formed at the 
portions thereof which bridge the proximal end parts of 
the barrier ribs, i.e. the bottom portions of the display 
cells. 

It Is obvious that the apertures are extremely small, 
considering the size of the display panel. Hence, the 
aperture arrays 223 are formed using, for example, a 
combination of a carbon dioxide laser (C02 laser) and a 
galvanomirror, or a combination of a metal mask and an 
excimer laser. The laser beam emitted from the carbon 
dioxide laser is focused and intermittently scanned 
toward the barrier piece 59' by the galvanomirror to form 
the aperture arrays . As an alternative, a metal mask in 
which the corresponding aperture arrays have been 
formed is mounted on the flat surface of the barrier 
piece 59' , and the laser beam which is emitted from the 
excimer laser and which has been turned into a parallel 
beam by a collimator is radiated toward the metal mask 
so as to form the aperture arrays in the barrier piece 59'. 

Alternatively, the aperture arrays may be formed in 
the sheet in advance at predetermined positions by 
press-cutting or the like with taking the elongation of the 
green sheet web into account. 

The forming roller used in the examples described 
above is a roller 68 having a plurality of peripheral 
grooves which have sectional configurations comple- 
mentary to the sectional configurations of the barrier 
ribs 220 and which are arranged in the axial direction. 



However, the forming roller is not limited thereto. The 
forming roller may be the one shown in Fig. 25 that has 
a plurality of axial grooves which have the sectional con- 
figurations complementary to the sectional configura- 
tions of the barrier ribs 220 and which are arranged 
equiangularly. In this case, the outer diameter of the 
roller is decided so that the axial grooves may be pro- 
vided equiangularly, with taking the intervals among the 
barrier ribs 220 into consideration. Further, the cross- 
sectional configurations of the grooves are trapezoidal 
as illustrated in Fig. 26 to prevent the interference 
between the barrier rib 18 blanks 221 and the ridges of 
the forming roller. 

Fifth Example: 

A description will be given to a manufacturing proc- 
ess of a back substrate which has longitudinal barrier 
ribs 223 and lateral barrier ribs 224 which are arranged 
in a grid pattern as shown in Fig. 27 rather than the back 
substrate which employs the barrier ribs arranged in the 
stripe pattern. The longitudinal barrier ribs 223 and the 
lateral barrier ribs 224 define display cells 225 which are 
isolated from each other. The barrier ribs arranged in 
the grid pattern provide a larger area to which a fluores- 
cencer is applied and prevent maldischarge or cross 
talk among the neighboring display cells. These fea- 
tures enable higher contrast. 

The manufacturing process of this type of back sub- 
strate is the same as those described above except for 
the forming roller. Therefore, only a forming roller 600 
will be described. 

As shown in Fig. 28, the roller 600 is provided with 
a plurality of peripheral grooves 601 and a plurality of 
axial grooves 602, which define thereamong truncated 
quadrilateral pyramids 603 corresponding to the 
respective display cells. The side surfaces of the trun- 
cated quadrilateral pyramids are slant so as to prevent 
the interference with the barrier rib blank when the roller 
600 rotates. 

As the forming roller, a roller 605 shown in Fig. 29 
may be employed. The roller 605 is provided with a plu- 
rality of peripheral grooves 601 and a plurality of axial 
grooves 606 interrupted at a plurality of portions. The 
display cells formed using the roller 605 are partly con- 
nected and not completely isolated from one another. 
However, the same advantages as those described pre- 
viously will be obtained. 

As compared with the stamper, the forming roller 
can be easily separated from the glass paste even 
though the intervals of the barrier ribs, i.e. the width of 
the groove is decreased. This enables more display 
cells to be formed per unit area, and then a higher reso- 
lution can be obtained. 

The foregoing process can be applied also for form- 
ing the barrier ribs of the front substrate. 

A displaying arrangement employing a display 
panel 2000 shown in Fig. 1 will be described in conjunc- 



15 



20 



25 



30 



35 



40 



45 



50 



7 



13 



EP0 837 486 A2 



14 



tion with Fig. 30. 

A pulse generator 2300 supplies a pulse voltage via 
an address driver 2100 and a scan driver 2200 to an 
electrode corresponding to the display cell selected by a 
control circuit 2500 so as to cause main discharge. This 
in turn causes the desired display cell to emit light. The 
address driver 2100 and the scan driver 2200 are con- 
trolled by the control circuit 2500 . The control signals 
are sent to the scan driver 2200 from the control circuit 
2500 via a level shifter 2400 . An auto power control cir- 
cuit 2600 detects high voltage power current. If the high 
voltage power current exceeds a specified value, the 
control circuit 2600 sends a signal for decreasing the 
number of discharge pulses to be maintained to the 
control circuit 2500 . A DC-DC converter 2700 converts 
the voltage supplied from outside to the voltage for the 
circuitry. 

Claims 

1 . A manufacturing method for a gas discharge type 
display panel comprising the steps of: 

applying a glass paste to a substrate on which 

electrodes have been formed; 

rotating a roll, on which grooves corresponding 

to barrier ribs have been formed, in order to 

form the glass paste applied to said substrate 

into barrier rib blanks; and 

sintering said formed barrier rib blanks to 

obtain barrier ribs. 

2. A method according to Claim 1, wherein said glass 
paste contains an organic solvent; and wherein fur- 
ther comprising the step of heating said roll to 
vaporize the organic solvent in said glass paste to 
form said barrier rib blanks. 

3. A method according to Claim 1, wherein said glass 
paste contains an ultraviolet-curing organic binder; 
and wherein further comprising the step of radiating 
ultraviolet rays to said glass paste to cure it, thereby 
forming said barrier rib blanks. 

4. A method according to Claim 3, wherein said ultra- 
violet rays are radiated to an area where said roll is 
in contact with said glass paste. 

5. A manufacturing method for a gas discharge type 
display panel comprising the steps of: 

rotating a roll, on which grooves corresponding 
to barrier ribs have been formed so as to form 
barrier rib blanks on a green sheet; 
placing said green sheet, on which said barrier 
rib blanks have been formed, on a substrate on 
which electrodes have been formed; and 
sintering said green sheet placed on said sub- 



strate. 

6. A manufacturing method for a gas discharge type 
display panel comprising the steps of: 

5 

placing a green sheet on a substrate which has 
electrodes formed on the surface thereof; 
rotating a roll, on which grooves corresponding 
to barrier ribs have been formed, so as to form 
10 barrier rib blanks on said green sheet; and 

sintering said green sheet placed on said sub- 
strate. 

7. A method according to Claim 5, wherein said green 
is sheet contains a thermoplastic organic binder; and 

wherein said barrier rib blanks are formed after 
heating said green sheet to soften it. 

8. A method according to Claim 6, wherein said green 
20 sheet contains a thermoplastic organic binder; and 

wherein said barrier rib blanks are formed after 
heating said green sheet to soften it. 

9. A method according to any one of Claims 1 to 8, 
25 wherein said roll has circumferential on a cylindrical 

surface thereof. 

1 0. A method according to any one of Claims 1 to 8, 
wherein said roll has projections arranged in a grid 

30 pattern on a cylindrical surface thereof. 

1 1 . A gas discharge type display panel comprising : 

a front substrate which has a plurality of display 
35 electrodes; and 

a back substrate which has a plurality of 
address electrodes and barrier ribs, said bar- 
rier ribs formed by rolling a sheet member by 
using a roll. 

40 

12. A gas discharge type display panel according to 
Claim 11, wherein said sheet member have a plu- 
rality of apertures corresponding to said address 
electrodes. 

45 

13. A displaying arrangement comprising: 

a gas discharge type display panel composed 
of a front substrate having a plurality of display 
so electrodes, and a back substrate having a plu- 

rality of address electrodes and barrier ribs 
which are formed by rolling a sheet member by 
using a roll; and 

a drive circuit which supplies a predetermined 
55 drive voltage waveform to said display elec- 

trodes and/or said address electrodes. 

14. A displaying arrangement according to Claim 13, 
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wherein said sheet member have a plurality of aper- 
tures corresponding to said address electrodes. 
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